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(54) Monopole antenna 

(57) The ground conductor (1 1), the side conductor 
(14), and the ceiling conductor (15) surround the 
antenna element (1 3), which is connected to the coaxial 
power supply part arranged on the surface of the 
ground conductor (11). The ceiling conductor (15)is 
arranged to face the ground conductor (11) with the 
antenna element (13) therebetween. The ceiling con- 
ductor (15) is provided with an opening (16, 17) whose 
size, shape, and position are changed to vary the direc- 
tivity of radio waves. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a monopole 
antenna mainly used for mobile communication, and 
more specifically, to a monopole antenna suitable for 
base stations. 

2. Description of the Related Art 

[0002] Prior art antennas are shown in Figs. 36 and 
37. 

[0003] A first prior art antenna shown in Fig. 36 will 
be described as follows. Figure 36 shows one technique 
to change the directivity of the vertical plane of the 
antenna, and Figs. 37(A)-37(D) show examples of radi- 
ation directivity of monopole antennas. 
[0004] Figure 36 shows a ground conductor 1 1 1 , a 
coaxial power supply part 112, and an antenna element 
113 connected to the coaxial power supply part 1 12 on 
the ground conductor 111. In this case, a monopole 
antenna has an axis symmetric structure where the 
ground conductor 1 1 1 is shaped like a disk, the coaxial 
power supply part 12 is located at the center of the sur- 
face of the ground conductor 111, and the antenna ele- 
ment 1 13 is connected to the coaxial power supply part 
12 in a manner to be perpendicular to the ground con- 
ductor 111. The radio waves of the antenna are nondi- 
rectional with respect to the horizontal plane of the 
antenna. 

[0005] A method of changing the directivity of the 
radio waves on the vertical surface in a monopole 
antenna is to change the size of the ground conductor 
111. When the ground conductor 1 1 1 have a finite size, 
radio waves diffract at the edge of the ground conductor 
111. The size of the diffraction depends on the size of 
the ground conductor 111; the larger the ground con- 
ductor 111 is, the smaller the diffraction becomes, and 
vice versa. The entire radio waves of the antenna are 
the sum of the radio waves from the antenna element 
113 and the diffraction waves from the edge of the 
ground conductor 111. If the antenna is divided into two 
sides: the top side having the antenna element 113 and 
the bottom side below the ground conductor 111, fewer 
radio waves flow to the bottom side and more radio 
waves are applied to the top side with increasing the 
ground conductor 1 1 1 in size. Also, the maximum radia- 
tion direction approaches the horizontal plane of the 
antenna. On the other hand, as the ground conductor 
1 1 1 becomes smaller, more radio waves flow to the bot- 
tom side, making the maximum radiation direction 
approach the upright direction of the antenna. However, 
when the diameter of the ground conductor 1 1 1 is equal 
to or below 1/2 wavelength, the radio waves flow equally 
to the top and bottom sides, exhibiting directivity in the 


form of the number 8 on the vertical plane of the 
antenna. At this moment, the maximum radiation direc- 
tion is the horizontal plane of the antenna. Figures 37 
show the radiation directivity when the ground conduc- 

5 tor 1 1 1 has a diameter of about 1/2 wavelength (37A), 
about 0.8 wavelength(37B), and about 3 wavelength 
(37C). In Figs. 36 and 37, X and Y indicate the direction 
parallel to the surface of the ground conductor 1 1 1 and 
Z indicates the direction perpendicular to the ground 

10 conductor 111. The radio directivity is calibrated in 10 
dB, and the unit used is dBd, referred to the gain of a 
dipole antenna. 

[0006] Thus a monopole antenna can change the 
directivity of the radio waves on the vertical plane of the 

is antenna by changing the ground conductor 1 1 1 in size. 
[0007] The second prior art antenna will be 
described with reference to Fig. 38 showing a technique 
to change the directivity of an antenna. Figure 38 illus- 
trates a monopole antenna array provided with two 

20 antenna elements, and Fig. 39 shows an example of 
radiation directivity. 

[0008] The antenna array comprises a ground con- 
ductor 121, coaxial power supply parts 122 and 123, 
antenna elements 124 and 125, power supply paths 

25 126 and 127, and a power distrtoution/composition cir- 
cuit 128. The antenna elements 124 and 125 are con- 
nected to the coaxial power supply parts 122 and 123. 
respectively, on the ground conductor 121. The coaxial 
power supply parts 122 and 123 are connected to the 

30 power distribution/composition circuit 1 28 via the power 
supply paths 126 and 127, respectively. The ground 
conductor 121 is provided on the XY plane. 
[0009] The following will describe the case where 
there are two antenna elements 124 and 125, and radio 

35 waves are strong in the X axis direction. 

[0010] The antenna elements 124 and 125 are 
arranged 1/2 wavelength apart from each other on the X 
axis to be symmetric with respect to the origin point, and 
currents to be supplied have a phase difference of 180 

40 degrees. At this moment, the array factors become co- 
phase in the +X and -X directions to reinforce each 
other. When the antenna. is symmetric with respect to 
the ZX plane and the ZY plane, the radio waves become 
symmetric with respect to the ZX plane and the ZY 

45 plane. The waves to be radiated become strong in the 
+X direction and the -X direction where the radiation 
waves from the antenna elements 1 24 and 1 25 have the 
same phase. Furthermore, changing the size of the 
ground conductor 121 or the distance between the 

so antenna elements allows the directivity of the radio 
waves on the vertical plane of the antenna to change. 
[001 1 ] Figure 39 shows as an example the radiation 
directivity when the antenna elements are made of a 1/4 
wavelength metallic wire, the antenna elements are 

55 supplied with power at a one to one ratio, and the 
ground conductor is a rectangle having one side of 2.75 
wavelength parallel to the X axis and the other side of 
: 2.25 wavelength parallel to the Y axis. In Fig. 39, X and 
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Y indicate the direction parallel to the plane of the 
ground conductor 1 21 , and Z indicates the direction per- 
pendicular to the ground conductor 121. The radio 
directivity is calibrated in 10 dB, and the unit is dBd, 
referred to the gain of a dipole antenna 
[0012] Thus, an antenna capable of changing the 
directivity of radio waves is achieved by arranging the 
antenna elements so as to form an array at an appropri- 
ate interval and by providing the antenna elements with 
an appropriate phase difference and an appropriate 
power distribution ratio. 

[0013] However, the first prior art antenna has the 
following drawback; intensifying the radiation in the hor- 
izontal direction of the antenna requires a two-dimen- 
sionally large ground conductor 111, which is against 
miniaturization of the monopole antenna. A monopole 
antenna is not allowed to occupy so large an area on the 
ceiling, which is one of the best sites indoors for a 
monopole antenna. Hence the first prior art antenna, 
which must be large in size because of its being difficult 
to be small two dimensionaliy, is unsuitable. 
[0014] On the other hand, the second prior art 
antenna can intensify radio waves by providing directiv- 
ity in the horizontal direction of the antenna. However, it 
requires to have the power supply paths 126 and 127 
and the power distribution/composition circuit 128, 
which causes a intrinsic loss in these components 126, 
127, and 128 due to the structure of the circuit. Another 
loss is caused when the waves radiated from one 
antenna element 124 (125) are undesirably received by 
the other antenna element 125 (124) due to poor isola- 
tion between the antenna elements. These losses dete- 
riorate the radiation efficiency. The latter- mentioned 
loss in particular leads to a reflection loss as the entire 
antenna array, and the reflected signal may reversely 
flow to each device connected to the antenna, thereby 
badly affecting the characteristics of each device. In 
order to secure excellent antenna characteristics, the 
former-mentioned loss should be reduced in the power 
supply paths and the power distribution/composition cir- 
cuit 128, and the latter case requires to establish good 
isolation between the antenna elements. In the former 
case, components having a fewer loss can be employed 
as the power supply paths 126 and 127 and the power 
distribution/composition circuit 128. The latter case 
needs to extend the distance between the antenna ele- 
ments. Hence, the antenna array in the second prior art 
is unsuitable for miniaturization of an antenna. When 
there are more than two antenna elements, the distance 
between them is considered to become larger than in 
the second prior art antenna which have two antenna 
elements. The large-scale antenna array is unsuitable 
for miniaturization of an antenna. A monopole antenna 
is not allowed to occupy so large an area on the ceiling, 
which is one of the best sites indoors for a monopole 
antenna. Hence the second prior art antenna, which 
must be large in size because of its being difficult to be 
small two dimensionaliy, is also unsuitable. 


[0015] When an antenna is installed on a ceiling, in 
order to enhance the efficiency of wave radiation, it is 
preferable to hang the antenna elements upside down 
from the ceiling so as to make them face the space into 

5 which radio waves are radiated. It is further preferred 
that there is nothing to disturb the propagation of the 
radio waves between the antenna and the entire radia- 
tion space, and that the space including the entire radi- 
ation objects can be seen from the antenna elements. It 

10 is further desired to install a monopole antenna incon- 
spicuously not to be an eyesore; however, in the prior 
art antennas shown in Figs. 36 through 39 the antenna 
elements project from the ceiling unsightly, and the first 
and second prior art antennas cannot satisfy the 

15 demand due to their failure to be miniaturized. 

SUMMARY OF THE INVENTION 

[0016] in view of the above problems, the main 

20 object of the present invention is to provide an antenna, 
which is small in size, particularly its top side, and capa- 
ble of changing the directivity of radio wave. 
[0017] In order to achieve the object, the present 
invention comprises a ground conductor; a power sup- 

25 ply part arranged on a surface of said ground conduc- 
tor; an antenna element connected to said power supply 
part; and a side conductor surrounding a space includ- 
ing said antenna element apart from said antenna ele- 
ment. Consequently, the wave radiation along the 

30 horizontal plane of the antenna can be intensified with- 
out increasing the two-dimensional size very much. The 
reason for this is as follows. The side conductor func- 
tions as the periphery of the ground conductor to pre- 
vent wave diffraction effectively, thereby intensify wave 

35 radiation in the horizontal direction of the antenna. Fur- 
thermore, the side conductor is arranged above the 
ground conductor, which hardly increases the two- 
dimensional size of the antenna. 
[0018] It is preferred that the antenna is further pro- 

40 vided with a ceiling conductor facing said ground con- 
ductor with said antenna element therebetween 
because this structure can reduce the size of the 
antenna in the vertical direction. Since the ceiling con- 
ductor functions as the tip of the antenna element, the 

45 antenna element can be reduced in length by that. The 
antenna is reduced in size in the vertical direction 
accordingly. 

[0019] It is preferred that the edge portion of said 
ceiling conductor is electrically connected to said side 

so conductor, because this structure allows the directivity 
of the radio waves along the horizontal plane to be 
adjusted as desired. The reason for this is as follows. 
When the edge portion of the ceiling conductor is con- 
nected to the side conductor, current leaks form there 

55 towards the ground conductor. As a result, radio waves 
are hardly radiated jn the direction extending outside 
from the ceiling conductor along the connection point. 
Setting the direction along which the connection point of 
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the ceiling conductor and the side conductor is provided 
can set the directivity of the waves along the horizontal 
plane. 

[0020] It is preferred that said ceiling conductor has 
a circular central portion because this allows the direc- 
tivity of the waves along the horizontal plane to be 
adjusted more freely. The reason for this is as follows. 
When the edge of the ceiling conductor is connected to 
the side conductor, the minimum point of the waves is 
formed in the direction extending outside along the con- 
nection point, which enables the adjustment of the 
directivity. However, there are cases where the radiation 
level is lower than desired at the minimum point. In con- 
trast, the circular center of the ceiling conductor allows 
waves to be radiated from the entire circumference of 
the circular portion, making the wave radiation approxi- 
mately nondirectional on the horizontal plane. As a 
result, the radiation of waves becomes a mixture of the 
radiation from the circular portion and the radiation from 
the remaining portion, thereby compensating the mini- 
mum point of the waves. The amount of radiation of 
waves from the circular portion can be adjusted by 
changing the size of the circular portion. 
[0021] It is preferred that said side conductor is 
electrically connected to said ground conductor, 
because it can achieve the matching of input imped- 
ances. The reason for this is as follows. When the 
antenna is reduced in size in the vertical direction by 
providing the ceiling conductor, the ceiling conductor 
and the ground conductor are arranged close to each 
other, which causes capacitive component between 
them, leading to mismatching of the input impedances. 
In contrast, electrically connecting the ceiling conductor 
to the ground conductor via the side conductor causes 
a continuity loop between these conductors, which 
develops an inductance. Consequently, the inductance 
compensates the capacitive component, thereby solv- 
ing the mismatching of the impedances. 
[0022] It is preferred that at I east one of said ground 
conductor, said side conductor, and said ceiling conduc- 
tor has an opening because the set wave directivity can 
be set as desired by adjusting the position, size, and 
other conditions of the opening when it is formed. 
[0023] It is preferred that the antenna is provided 
with means for adjusting the size of said opening. 
Adjusting the size of the opening allows the directivity 
and impedances to be fine adjusted after the formation 
of the opening. 

[0024] It is preferred that said power supply part is 
arranged on the origin point, said ground conductor is 
arranged on the XY plane, said ground conductor and 
said side conductor are designed to be symmetric. with 
respect to the ZY plane, and said opening is arranged to 
be symmetric with respect to the ZY plane. This struc- 
ture allows the directivity of waves to be symmetric with 
respect to the ZY plane. 

[0025] It is preferred that said ground conductor 
and said side conductor are designed to be symmetric 


with respect to the ZX plane, and said opening is 
arranged to be symmetric with respect to the ZX plane. 
This structure allows the directivity of waves to be sym- 
metric with respect to the ZX plane. 

5 [0026] It is preferred that said antenna element is 
electrically connected to said ceiling conductor. This 
stabilizes not only the structure of the antenna but also 
the impedance of the antenna, thereby improving the 
characteristics of the antenna. 

10 [0027] It is preferred that the antenna is provided 
with a dielectric member having permittivity higher than 
air in a space surrounded by said ground conductor and 
said side conductor. This makes the antenna compact 
and low-profile. 

75 [0023] It is preferred that said space is filled with 
said dielectric member. This makes the antenna com- 
pact and low-profile. In addition, there is no clearance 
inside the antenna that brings dust inside the space or 
causes condensation, thereby improving the reliability. 

20 [0029] ft is preferred that said dielectric member is 
structured as a lid for the space surrounded by said side 
conductor, and either said ground conductor or said 
ceiling conductor is provided on said dielectric member. 
This develops no clearance inside the antenna that 

25 brings dust inside or causes condensation, thereby 
improving the reliability. Furthermore, the space inside 
the antenna can be easily sealed by using the dielectric 
member as a lid. 

[0030] It is preferred that said side conductor is 
30 made of a via hole formed in said dielectric member. 
This facilitates the formation of the side conductor 
because the via hole can be formed comparatively eas- 
ily by a general substrate production method. 
[0031] It is preferred that the antenna is provided 
35 with at least one matching element arranged apart from 
said antenna element, said matching element being 
electrically connected to said ground conductor. This 
changes the impedance of the antenna to establish 
: good matching conditions. 
40 [0032] It is preferred that at least one said matching 
element is electrically connected to said antenna ele- 
ment. This increases the input impedance of the 
monopole antenna. 

[0033] ft is preferred that at least one said matching 
45 element is electrically connected to said ceiling conduc- 
tor. This changes the input impedance of the monopole 
antenna. 

[0034] It is preferred that a radio device comprising: 
a monopole antenna of the present invention; amplifica- 

so tion means for amplifying transmission signals supplied 
to said monopole antenna and reception signals sup- 
plied from said monopole antenna; frequency selection 
means for selecting frequencies of the transmission sig- 
nals and reception signals; and a cabinet for storing 

55 said monopole antenna and said amplification means, 
and is also preferred that said cabinet is provided with a 
concave portion on a surface thereof for storing said 
monopole antenna inside. Consequently, a radio device 
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far from being an eyesore can be achieved while main- 
taining or improving the compact and low-profile char- 
acteristics. This is because the monopole antenna is 
stored in the concave portion on the cabinet surface, 
making the antenna hard to be seen from outside. Since 5 
the compact and low-profile characteristics of the 
antenna are improved, incorporating the antenna inside 
the device does not disturb the compact and low-profile : 
characteristics of the radio device. 

[0035] It is preferred that an arrangement structure 10 
of a monopole antenna comprises a plurality of monop- 
ole antennas of the present invention arranged in a 
manner to conform the direction for minimizing the 
directivity of the horizontal plane of each of said monop- 
ole antennas. As a result, the wave transmission of is 
adjacent monopole antennas has minimum influence to 
each other, thereby establishing excellent isolation 
between them. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0036] These and other objects of the invention will 
become apparent from the following description and be 
clarified in the accompanying claims. Executing the 
present invention will remind those skilled in the art var- 
ious changes not mentioned in the present specifica- 
tion. 

Figure 1A is a rough perspective view showing a 
first preferred embodiment of the present invention. 
Figure 1 B is a cross sectional view of Fig. 1 A. 
Figure 2 is a diagram showing the operational prin- 
ciple of the first embodiment. 
Figure 3 is a rough perspective view showing a pro- 
totype of the first embodiment. 
Figure 4 is diagrams showing the radiation directiv- 
ity of the prototype of Fig. 3. 
Figure 5 is a graph showing the impedance charac- 
teristics of the prototype of Fig. 3. 
Figure 6A is a rough perspective view showing a 
second preferred embodiment of the present inven- 
tion. 

Figure 6B is a cross sectional view of Fig. 6A. 
Figure 7 is a rough perspective view showing a pro- 
totype of the second embodiment. 
Figure 8 is diagrams showing the radiation directiv- 
ity of the prototype of Fig. 7. 

Figure 9 is a graph showing the impedance charac- 
teristics of the prototype of Fig. 7. 
Figure 1 0A is a rough perspective view showing a 
third preferred embodiment of the present inven- 
tion. 

Figure 1 0B is a cross sectional view of Fig. 10A. 
Figure 11 A is a rough perspective view showing a 
fourth preferred embodiment of the present inven- 
tion. 

Figure 1 1 B is a cross sectional view of Fig. 1 1 A. 
Figure 12 is a rough perspective view showing a 


prototype of the fourth embodiment. 
Figure 1 3 is diagrams showing the radiation direc- 
tivity of the prototype of the fourth embodiment. 
Figure 14 is a graph showing the impedance char- 
acteristics of the prototype of the fourth embodi- 
ment. 

Figure 15 is a rough perspective view showing a 
modified example of the fourth embodiment. 
Figure 16A is a rough perspective view showing a 
fifth preferred embodiment of the present invention. 
Figure 16B is a cross sectional view of Fig. 16A. 
Figure 17A is a rough perspective view showing a 
sixth preferred embodiment of the present inven- 
tion. 

Figure 17B is a cross sectional view of Fig. 17A. 
Figure 18A is a rough perspective view showing a 
seventh preferred embodiment of the present 
invention. 

Figure 18B is a cross sectional view of Fig. 18A. 
Figure 19A is a rough perspective view showing a 
first modified example of the seventh embodiment. 
Figure 19B is a cross sectional view of Fig. 19A. 
Figure 20A is a rough perspective view showing a 
second modified example of the seventh embodi- 
ment. 

Figure 20B is a cross sectional view of Fig. 20A. 
Figure 21 is a diagram showing the structure of the 
system including the radio device of the eighth pre- 
ferred embodiment of the present invention. 
Figure 22 is a block diagram showing a radio device 
of the eighth embodiment. 
Figure 23 is an exploded perspective diagram 
showing the radio device of the eighth embodiment. 
Figure 24 is a block diagram showing another radio 
device of the eighth embodiment. 
Figure 25 is a block diagram showing further 
another radio device of the eighth embodiment. 
Figure 26 is a block diagram showing the structure 
of an optical coupler installed in the radio device of 
the eighth embodiment. 

Figure 27 is a diagram showing an opening control 
device installed in each embodiment of the present 
invention. 

Figure 28A is a rough perspective view of a modi- 
fied example of the present invention. 
Figure 28B is a sectional view of Fig. 28A. 
Figure 29A is a rough perspective view of another 
modified example of the present invention. 
Figure 29B is a sectional view of Fig. 29 A. 
Figure 30 is a rough perspective view of further 
another modified example of the present invention. 
Figure 31 is a diagram showing the radio directivity 
of the modified example of Fig. 30. 
Figure 32 is a perspective view showing an 
arrangement of the monopole antenna of the 
present invention. 

Figure 33 is a graph showing the measurement 
results of isolation in the arrangement o1 Fig. 32. 
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Figure 34 is a rough perspective view of further 

another modified example of the present invention. 

Figure 35 is a diagram showing the radio directivity 

of the modified example of Fig. 34. 

Figure 36 is a rough perspective view of a first prior 5 

art. 

Figure 37 is a diagram showing the radio directivity 
of the first prior art. 

Figure 38 is a rough perspective view of a second 
prior art. 10 
Figure 39 is a diagram showing the radio directivity 
of the second prior art. 

DETAILED DESCRIPTION OF THE INVENTION 

75 

[0037] The preferred embodiments of the present 
invention will be described with reference to the draw- 
ings. 

(Embodiment 1) 20 

[0038] The monopole antenna of the first embodi- 
ment of the present invention is shown in Figs. 1 A and 
1 B. Figure 1 A shows the rough perspective view of the 
monopole antenna and Figure 1B shows its sectional 25 
view. Figs. 1A and 1B illustrate a ground conductor 11, 
a coaxial power supply part 12 as an example of power 
supply part, an antenna element 13. a side conductor 
14, a ceiling conductor 15, and openings 16 and 17. 
[0039] The monopole antenna having these com- 30 
ponents has the following structure. The ground con- 
ductor 11 is arranged on the XY plane. The ground 
conductor 11, the side conductor 14, and the ceiling 
conductor 15 are electrically connected to each other so 
as to constitute a cuboid symmetric with respect to both 35 
the ZY plane and the ZX plane. The ceiling conductor 
1 5 does not cover the entire opening above the ground 
conductor 11 surrounded by the side conductor 14; a 
pair of openings 16 and 17 of the same rectangular 
shape are formed between the side conductor 14 and 40 
the side edge in the X direction of the ceiling conductor 
1 1 . The openings 16 and 1 7 are symmetric with respect 
to the ZY plane. The coaxial power supply part 12 is 
arranged on the origin point The antenna element 13 is 
made of a conductive wire arranged inside the monop- 45 
ole antenna along the + axis in the Z direction, and one 
end of the element 13 is connected to the coaxial power 
supply part 12. As a result, the openings 16 and 17 are 
arranged symmetric with respect to the antenna ele- 
ment 13. 50 
[0040] Behaviors of the antenna will be described 
with reference to Fig. 2. 

[0041] A radio wave having a frequency of fO is radi- 
ated from the antenna element 1 3. The wave is radiated 
out into space through the openings 16 and 17. In the ss 
present embodiment, the openings 16 and 17 are 
arranged to be symmetric with respect to the antenna 
element 13. which is the wave radiation source, and the 


electric fields excited to the openings 16 an 17 by the 
antenna element 13 are formed in the opposite direc- 
tions to each other as shown in Fig. 2A. The electric 
fields excited to the openings 16 and 17 are explained 
as follows by being replaced by magnetic currents. As 
shown in Fig. 2B, linear magnetic current sources hav- 
ing the same amplitude are caused in the directions 
opposite to each other and parallel to the Y axis in the 
openings 16 and 17. 

[0042] The radiation of waves in the monopole 
antenna is considered to come from these two magnetic 
current sources. To be more specific, the radiation of 
radio waves in the monopole antenna can be regarded 
as mixture radiation due to an antenna array having 
these two magnetic current sources arranged in paral- 
lel. 

[0043] In a general antenna array, the direction to 
intensify radio waves depends on the array factor deter- 
mined by the phase difference of the currents supplied 
to the antenna elements and the distance between the 
antenna elements. The radio waves for the antenna 
array as a whole is the product of the array factor and 
the radiation pattern of a single antenna element. The 
approximate radiation pattern of the antenna will be 
found by replacing the radiation pattern of the single 
antenna element by the radiation pattern due to a single 
linear magnetic current source. 
[0044] To be more specific, since magnetic current 
sources are arranged symmetric with respect to the ZY 
plane, the radio waves radiated from the two magnetic 
current sources have reversed phases each other and 
are compensated each other with the same amplitude 
on the plane parallel to the ZY plane. Thus, the radio 
waves are hardly radiated in the direction parallel to the 
ZY plane. The plane parallel to the ZX plane has a 
direction in which the radio waves radiated form the two 
magnetic current sources have the same phase, and 
the radio waves are intensified in that direction. For 
example, when the distance between the magnetic cur- 
rent sources is 1/2 wavelength in a free space, the radio 
waves are intensified in the +X direction and the -X 
direction because they have the same phase in the X 
axis direction. 

[0045] Thus, this structure of the monopole antenna 
can bring the effects of an antenna array out of a single 
antenna element, thereby changing the directivity of the 
monopole antenna. 

[0046] Furthermore, extending the length of the 
openings 16 and 17 in the Y direction makes the mag- 
netic current sources longer, thereby narrowing the radi- 
ation in the X direction so as to increase the gain. In 
short, the gain can be adjusted by the length of the 
openings 1 6 and 1 7. 

[0047] A monopole antenna having a finite-size 
ground conductor generally has a radio wave diffraction 
at the edge of the ground conductor; the radio wave 
radiated from the monopole antenna having a finite-size 
ground conductor is the sum of the radio waves from the 
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antenna elements and the diffraction waves at the edge 
of the ground conductor. 

[0048] This holds true in the monopole antenna of 
the present embodiment. Diffraction occurs at all the 
edges and folded portions of the ceiling conductor 15, 5 
the side conductor 14, and the ground conductor 11. 
The influence of the diffraction waves becomes greater 
particularly at the edge of the ceiling conductor 1 5 when 
the ceiling conductor 15 has the openings 1 6 and 1 7 like 
in the present embodiment. 10 
[0049] As described hereinbefore, in the monopole 
antenna of the present embodiment, the directivity of 
the radio waves can be changed according to the size 
and shape of each of the ceiling conductor 15, the side 
conductor 14, and the ground conductor 1 1 , in addition 75 
to the position, number, and size of the openings 1 6 and 
17. 

[0050] A working prototype of an antenna, its radio 
directivity, and input impedance characteristics are 
shown in Figs. 3. 4, and 5, respectively. 20 
[0051] The prototype is as follows. The ground con- 
ductor 1 1 was made to be a square of 0.76 x 0.76 wave- 
length, referred to the free space wavelength. The 
height of the side conductor 14 was made 0.19 wave- 
length. The ceiling conductor 15 was made to be a rec- 25 
tangle having one side with a length of 0.50 wavelength 
parallel to the X axis and the other side with a length of 
0.76 wavelength parallel to the Y axis. The openings 16 
and 17 were each made to be a rectangle having one 
side with a length of 0.13 wavelength parallel to the X 30 
axis and the other side with a length of 0.76 wavelength 
parallel to the Y axis. The openings 16 and 17 thus 
structured were arranged at both edges of the ceiling 
conductor 15 in the X axis direction to be symmetric 
with respect to the ZY plane. The coaxial power supply 35 
part 12 was arranged on the origin point. The antenna 
element 13 was made of a conductive wire arranged 
along the Z axis to have a length of 0.18 wavelength. 
The monopole antenna thus structured becomes sym- 
metric with respect to the ZX plane and the ZY plane. 40 
[0052] Figure 4 shows the radio directivity of the 
monopole antenna with the above-mentioned structure. 
The radio directivity is calibrated in 10 dB, and the unit 
isdBd, referred to the gain of a dipole antenna. 
[0053] In this monopole antenna, radio wave radia- 45 
tion is reduced in the Y direction and intensified in the X 
direction. A comparison with the characteristics of the 
prior art monopole antenna shown in Fig. 37B indicates 
that the radiation is intensified by about 2.4 dB in the 
maximum radiation direction. Furthermore, the antenna so 
does not radiate waves to the bottom side and radiates 
strong waves to the top side. Particularly strong waves 
are radiated in the diagonally horizontal direction of the 
antenna, showing strong directivity in this direction. The 
side conductor 1 4 surrounding the antenna elements 13 ss 
and the ground conductor 1 1 together reduce the radia- 
tion to the bottom side, or in the -Z direction. Hence, the 
monopole antenna is suitable to be installed in a narrow 


indoor space like a corridor. 

[0054] Since the monopole antenna has the open- 
ings 16 and 17 for wave radiation arranged on the 
antenna ceiling portion, and the antenna element 13 as 
a radiation source surrounded by the ground conductor 
11 and the side conductor 14, the radiation waves are 
not strongly affected by the antenna arrangement envi- 
ronment in the antenna side and bottom directions. This 
makes it possible that when the monopole antenna is 
installed on the indoor ceiling, the antenna is imbedded 
in the indoor ceiling with the antenna ceiling portion 
downwards in such a manner that the ceiling conductor 
15 forms a single plane with the ceiling of the room 
which is radiation space. As a result, the antenna 
becomes inconspicuous without projecting from the 
ceiling to be an eyesore. 

[0055] Figure 5 shows the VSWR (a voltage stand- 
ing wave ratio) characteristics of the monopole antenna 
when input impedances are matched with 50 SI As 
shown in Fig. 5, the monopole antenna resonates at a 
frequency of fO, and has an about 10% frequency band 
where the VSWR is 2 or below. Thus, the monopole 
antenna has excellent characteristics in terms of imped- 
ance characteristics. 

[0056] In the monopole antenna, the antenna ele- 
ment height is 0.18 wavelength, which is lower than the 
ordinary 1/4 wavelength monopole antenna element. 
The reason for this is as follows. The ceiling conductor 
1 5 is arranged at a height of 0. 1 9 wavelength very close 
to the tip of the antenna element 13, so that the capaci- 
tive bonding is caused between them, which becomes 
equivalent to having a capacitive load at the tip of the 
antenna element 13. This brings about top loading 
effects, thereby decreasing the antenna element height. 
[0057] This monopole antenna is characterized in 
that the antenna element 13 and the ceiling conductor 
15 are arranged very closely to each other, so that a 
minor increase or decrease in the distance between 
them can make the input impedances unstable. To sta- 
bilize the input impedance characteristics, the distance 
between the antenna element 13 and the ceiling con- 
ductor 1 5 can be fixed by disposing a spacer made of an 
insulator, a dielectric member, or the like. 
[0058] As described hereinbefore, the structure of 
this monopole antenna can make the antenna element 
13 low-profile, which makes the antenna inconspicuous 
and far from being an eyesore when it is imbedded on 
an indoor ceiling. 

[0059] In the case where the monopole antenna is 
symmetric with respect to the ZY plane and the ZX 
plane like the present embodiment, the directivity of the 
radio waves from the antenna becomes symmetric with 
respect to .the ZY plane and the ZX plane. 
[0060] Hence, the first embodiment achieves a 
compact and excellent monopole antenna having a sim- 
ple structure and desired directivity. 
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(Embodiment 2) 

[0061] The second embodiment of the present 
invention will be described as follows with reference to 
Fig. 6, where like components are labeled with like ref- 
erence numerals with respect to Fig. 1 . 
[0062] The monopole antenna of the present 
embodiment is characterized by the antenna element 
13. One end of the antenna element 13 is electrically 
connected to the coaxial power supply part 12, and the 
other end to the ceiling conductor 15. 
[0063] The monopole antenna behaves in the same 
manner as that of the first embodiment 
[0064] In the first embodiment, the ceiling conduc- 
tor 15 and the tip of the antenna element 13 may be 
arranged very dose to each other. In this case, a 
change in the distance between them is likely to vary 
the input impedances of the antenna, thereby deterio- 
rating the matching conditions with the coaxial power 
supply part 12. As a result, less power is supplied to the 
antenna element 13, which reduces the radiation effi- 
ciency of the antenna. 

[0065] In contrast, in the present embodiment, the 
ceiling conductor 15 and the antenna element 13 are 
combined with soldering or the like so as to stabilize the 
electric and mechanical relation between them. This 
enhances the stability of the structure and impedance 
characteristics of the antenna. 
[0066] Although it is possible to dispose a spacer 
made of an insulating member or a dielectric member 
as described in the first embodiment, the structure in 
the second embodiment is superior in some cases in 
terms of production easiness due to simplification of the 
structure. 

[0067] A working prototype antenna is shown in Fig. 
7 and its radiation directivity and input impedances are 
shown in Figs. 8 and 9, respectively. 
[0068] The prototype was as follows. The ground 
conductor 11 was made to be a square of 0.76 x 0.76 
wavelength, referred to the free space wavelength. The 
height of the side conductor 14 was made 0.08 wave- 
length. The ceiling conductor 15 was composed of a lin- 
ear conductor 15A and two rectangular conductors 15B. 
The coaxial power supply part 12 was arranged on the 
origin point. The linear conductor 15A was made to 
have 0.76 wavelength and arranged to be parallel to the 
ceiling conductors 15A and 15B and also parallel to the 
Y axis. Both ends of the linear conductor 1 5A were elec- 
trically connected to the side conductor 14. The rectan- 
gular conductors 15B each have a side of 0.19 
wavelength parallel to the X axis and the other side of 
0.76 wavelength parallel t the Y axis. These rectangular 
conductors 15B were arranged at both ends of the 
antenna ceiling portion in the X direction. The openings 
16 and 17 were formed between the rectangular con- 
ductors 15B and the linear conductor 15A. The open- 
ings 16 and 17 each have a side of 0.19 wavelength 
parallel to the X axis and the other side of 0.76 wave- 


length parallel to the Y axis. The tip of the antenna ele- 
ment 13 was electrically connected to the center in the 
longitudinal direction of the linear conductor 15A. The 
antenna element 13 was a conductive wire arranged in 

5 the 2 axis to have 0.08 wavelength. The monopole 
antenna thus structured becomes symmetric with 
respect to the ZX plane and the ZY plane. 
[0069] Figure 8 shows the radiation directivity of the 
above-structured monopole antenna. The radio directiv- 

' w ity is calibrated in 10 dB, and the unit is dBd, referred to 
the gain of a dipole antenna. 

[0070] In this monopole antenna, radio wave radia- 
tion is reduced in the Y direction and intensified in the X 
direction. A comparison with the characteristics of the 

is prior art monopole antenna shown in Hg. 37B indicates 
that the radiation is intensified by about 4 dB in the max- 
imum radiation direction. Furthermore, as shown in Fig. 
8 the antenna does not radiate waves to the bottom side 
and radiates strong waves to the top side. Particularly 

20 strong waves are radiated in the diagonally horizontal 
direction of the antenna, showing strong directivity in 
this direction. The side conductor 14 surrounding the 
antenna elements 13 and the ground conductor 11 
together reduce the radiation to the bottom side, or in 

25 the -Z direction. Hence, the monopole antenna is suita- 
ble to be installed in a narrow indoor space like a corri- 
dor. 

[0071] Because of the same reason mentioned in 
the first embodiment, the radiation waves are not 

30 strongly affected by the antenna arrangement environ- 
ment in the antenna side and bottom directions. This 
makes it possible that the monopole antenna is installed 
to form a single plane with the indoor ceiling so that the 
ceiling portion of the antenna faces the radiation space. 

35 As a result, the antenna becomes inconspicuous with- 
out projecting from the ceiling to be an eyesore. 
[0072] Figure 9 shows the VSWR characteristics of 
the monopole antenna when input impedances are 
matched with 50 Q As shown in Fig. 9, the monopole 

40 antenna resonates at a frequency of f0, and has an 
about 10% frequency band where the VSWR is 2 or 
below. Thus, the monopole antenna has excellent char- 
acteristics in terms of impedance characteristics. 
[0073] In the monopole antenna, the antenna ele- 

45 ment height is 0.08 wavelength, which is lower than the 
ordinary 1/4 wavelength monopole antenna element. 
This is due to the top loading effects like in the first 
embodiment. 

[0074] Thus in the structure of the antenna of the 
so present embodiment, when not allowed to be imbedded 
on the indoor ceiling, the antenna can be inconspicuous 
without being an eyesore and shorter than projecting 
from the ceiling, partly because of the low-profile effects 
of the antenna element. 
55 [0075] Similar to the first embodiment, the second 
embodiment has an effect that the directivity of the radio 
waves from the antenna becomes symmetric with 
respect to the ZY plane and the ZX plane by making the 
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monopole antenna be symmetric with respect to the ZY 
plane and the ZX plane. 

[0076] Hence, the second embodiment achieves a 
compact and excellent monopole antenna having a sim- 
ple structure and desired directivity. 

(Embodiment 3) 

[0077] A third embodiment of the present invention 
will be described as follows with reference to Figs. 10A 
and 10B where like components are labeled with like 
reference numerals with respect to Fig. 1 . 
[0078] The monopole antenna of the third embodi- 
ment is characterized by providing matching conductors 
18 and 19, which are made of linear conductors and 
arranged in parallel to the Z axis on the ZY plane. The 
matching conductors 18 and 19 are further arranged to 
be symmetric with respect to the antenna element 13 
located on the + Z axis. One end of each of the match- 
ing conductors 18 and 19 is electrically connected to the 
ground conductor 11. 

[0079] The monopole antenna behaves in the same 
manner as that of the first embodiment. 
[0080] In the first and second embodiments, the 
matching between the coaxial power supply part 12 and 
the monopole antenna may be out of order. In that case, 
the antenna element 13 is supplied with less power, 
which deteriorates the radiation efficiency of the 
antenna. 

[0081] In contrast, the monopole antenna of the 
present embodiment can make matching conditions 
with the coaxial power supply part 12 excellent by 
changing the impedances of the antenna by providing 
the matching conductors 18 and 19 with a distance 
between them near the antenna element 13. Enhancing 
the matching conditions improves the characteristics of 
the antenna. 

[0082] Furthermore, arranging the matching con- 
ductors 18 and 19 so as not to affect the shape of the 
openings 16 and 17 allows the radiation directivity hav- 
ing the matching conductors 18 and 19 to be the same 
as the radiation directivity without them. This is because 
the substantial radiation source of the monopole 
antenna is mainly concentrated on the openings 16 and 
1 7. Thus, this monopole antenna can establish excel- 
lent matching conditions of impedances without hardly 
changing desired radiation directivity. 
[0083] Similar to the first embodiment, in the third 
embodiment the directivity of the radio waves from the 
antenna becomes symmetric with respect to the ZY 
plane and the ZX plane by making the monopole 
antenna be symmetric with respect to the ZY plane and 
the ZX plane. 

[0084] Hence, the third embodiment achieves a 
compact and excellent monopole antenna having a sim- 
ple structure and desired directivity. 


(Embodiment 4) 

[0085] A fourth embodiment of the present inven- 
tion will be described as follows with reference to Figs. 

5 11A and 1 1B where like components are labeled with 
like reference numerals with respect to Fig. 1 . 
[0086] The monopole antenna of the fourth embod- 
iment is characterized in that a space inside the 
antenna surrounded by the ground conductor 11. the 

w side conductor 14, and the ceiling conductor 1 5 is filled 
with a dielectric member 31 . Assume that the ratio (rel- 
ative permittivity) of the permittivity of the dielectric 
member to the permittivity e 0 in a vacuum is e y, the 
wavelength in the dielectric member becomes 1/V s y 

is times the wavelength in a vacuum. Since e y is not less 
than 1 , the wavelength becomes shorter inside the die- 
lectric member. Therefore, integrating the dielectric 
member 31to the antenna makes the antenna compact 
and low-profile. 

20 [0087] A working prototype antenna is shown in Fig. 
12, and its radiation directivity and VSWR (voltage 
standing wave ratio) characteristics of input imped- 
ances matched with 50 O are shown in Figs. 13 and 14, 
respectively. 

25 [0088] The relative permittivity e y of the dielectric 
member 31* was made 3.6. The ground conductor 11 
was made to be a rectangle having a longer side with a 
length of 0.76 wavelength and the shorter side with a 
length of 0.27 wavelength, referred to the free space 

so wavelength. The height of the side conductor 14 was 
made 0.0067 wavelength. The ceiling conductor was 
made to be a rectangle having a side with a length of 
0.38 wavelength parallel to the X axis and the other side 
with a length of 0.27 wavelength parallel to the Y axis. 

35 The openings 16* and 17* were formed by peeling away 
from the dielectric member 31 the conductive film 
formed as the ceiling conductor 1 5 on the surface of the 
dielectric member 31. The openings 16' and 17' were 
each made to be a rectangle having a side with a length 

40 of 0.19 wavelength parallel to the X axis and the other 
side with a length of 0.27 wavelength parallel to the Y 
axis. The openings 16' and 17' thus formed are 
arranged at both ends of the ceiling conductor 15 along 
the X axis to as to be symmetric with respect to the ZY 

45 plane. The antenna element 13 was a conductive wire 
having a length of 0.0067 wavelength. The coaxial 
power supply part 12 was arranged in the origin point, 
and one end of the antenna element 13 was electrically 
connected to the ceiling conductor 15. The monopole 

so antenna thus structured is symmetric with respect to the 
ZY plane and the ZY plane. 

[0089] In Fig. 13 the radio directivity is calibrated in 
10 dB, which is within specifications at the maximum 
value. This monopole antenna hardly radiates waves to 
55 the bottom side and radiates strong waves to the top 
side. Particularly strong waves are radiated in the diag- 
onally horizontal direction of the antenna, showing char- 
acteristics suitable to be installed in a narrow indoor 
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space like a corridor. 

[0090] As shown in Fig. 14, the monopole antenna 
resonates at a frequency of fO, and has an about 2% fre- 
quency band where the VSWR is 2 or below. Thus, the 
monopole antenna has excellent characteristics in 
terms of impedance characteristics. 
[0091] In the monopole antenna, the antenna ele- 
ment height can be 0.0067 wavelength. This corre- 
sponds to 1 mm in transmitting or receiving a signal of 2 
GHz, and is sufficiently lower in height than the prior art 
1/4 wavelength monopole antenna element, and further 
lower than those in the above-mentioned first through 
third embodiment. This can be done by filling the dielec- 
tric member 31 inside the antenna. 
[0092] When an antenna is installed on a ceiling or 
wall in a room, if it is not allowed to be imbedded there, 
the antenna capable of reducing its height is preferable 
because of being inconspicuous and not being an eye- 
sore. 

[0093] The monopole antenna of the present 
embodiment, which is symmetric with respect to the ZY 
plane and the ZX plane, has an effect of making the 
directivity of the radio waves from the antenna be sym- 
metric with respect to each plane parallel to the ZY 
plane and each plane parallel to the ZX plane. 
[0094] The monopole antenna, which is filled with 
the dielectric member 31, can be manufactured using a 
dielectric substrate having a conductive foil such as a 
copper foil applied on both sides thereof as follows. A 
dielectric substrate having a thickness of 0.0067 wave- 
length and applied with a conductive foil such as a cop- 
per foil on both sides thereof is cut to form a rectangle of 
0.76 x 0.27 wavelength. The rectangle is made the die- 
lectric member 31. Then, one of the sides of the con- 
ductive foil is removed by etching or a mechanical 
process so as to form the ceiling conductor 15 and the 
openings 16' and 17. The conductive foil on the other 
side no removed becomes the ground conductor 1 1 . An 
appropriate hole is formed in the fixed position of the 
ground conductor 1 1 (for example, in the center in the 
plane direction) so as to form the coaxial power supply 
part 12. A though hole extending from the coaxial power 
supply part 12 up to the ceiling plane of the dielectric 
member 31 is formed by etching or a drill process. The 
tip of a conductive wire extending from the internal con- 
ductor of the coaxial power supply part 12 is inserted 
into the through hole to be projected from the ceiling 
conductor 15 outside the substrate. The conductive wire 
is used as the antenna element 13, which is electrically 
connected to the ceiling conductor 15 by soldering or 
the like. A side surface of the dielectric member 31 is 
applied with a copper foil with an adhesive agent so as 
to form the side conductor 14. 

[0095] According to the above-mentioned manufac- 
turing method, the high precision process such as the 
etching process to form the openings 16' and 17 
enhances the manufacturing accuracy of an antenna 
and achieves a cost reduction due to mass production. 


[0096] In the monopole antennas of the first to third 
embodiments not provided with the dielectric member 
31, the space inside the antenna leads outside through 
the openings 16 and 17. Depending on the installment 
5 environment of the antenna, the openings 16 and 17 
may undesirably bring dust or humid air into the 
antenna, thereby deteriorating its characteristics. In the 
monopole antenna of the present embodiment; how- 
ever, the provision of the dielectric member 31 prevents 
10 the deterioration of the characteristics of the antenna, 
thereby maintaining the reliability for the long term. 
[0097] Hence, the fourth embodiment achieves a 
compact and excellent monopole antenna having a sim- 
ple structure and desired directivity. 
is [0098] In the fourth embodiment, it would be possi- 
ble to interrupt inside and outside the antenna electri- 
cally by employing plural conductive bars 32 instead of 
the side conductor 14, as shown in Fig. 15. The conduc- 
tive bars 32 can be formed as follows. Conductive pat- 
20 terns for the ground conductor 11 and the ceiling 
conductor 15 are formed on a large dielectric substrate 
which is to be a mother substrate for the plural dielectric 
members 31. Holes are formed at regular intervals 
along the dividing lines of the dielectric members 31 in 
25 a manner to penetrate the dielectric substrate. The con- 
ductive bars 32 are inserted into these holes to connect 
the ground conductor 1 1 and the conductive bar 32 
each other, and the ceiling conductor 15 and the con- 
ductive bars 32 each other electrically. After forming the 
30 conductive bars 32, the dielectric substrate is divided 
into the dielectric members 31. The conductive bars 32 
can be made of via holes, which can be formed by 
applying a through hole etching to the holes or filling the 
holes with a conductive member. 
35 [0099] In the structure shown in Fig. 1 5, the con- 
ductive bars 32 exert the same effects as the side con- 
ductor 14 when the distance between adjacent 
conductive bars 32 is sufficiently short, compared with 
the wavelength. A combination of the structure of the 
40 conductive bars 32 and the technique to process the 
ceiling conductor 15 such as the above-mentioned etch- 
ing process can achieve a monopole antenna with high 
process precision and capable of being mass produced. 
[0100] In the fourth embodiment, the monopole 
45 antenna is filled with the dielectric member 31. How- 
ever, the present invention is not restricted to this struc- 
ture; the dielectric member 31 can be put in a part inside 
the antenna. For example, a monopole antenna can be 
formed by using a dielectric substrate applied with a 
so conductive foil on its one side and removing the foil by 
etching or a mechanical process so as to form a dielec- 
tric substrate having the ceiling conductor 15 and the 
openings 16' and 17'; another dielectric substrate hav- 
ing the side conductor 1 4; and further another dielectric 
55 substrate having the ground conductor 1 1 , and combin- 
ing these substrates. The dielectric substrate having the 
side conductor 14 can be a single dielectric substrate 
having the side conductor 14 on the entire side surface 
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thereof. Alternatively, plural dielectric substrates each 
having the side conductor 14 thereon can be combined 
to form a frame. 

(Embodiment 5) 

[0101] A fifth embodiment of the present invention 
will be described as follows with reference to Figs. 16A 
and 16B. Figure 16A is a rough perspective view of the 
monopole antenna of the fifth embodiment, and Fig. 
16B is a sectional view of the antenna taken along the 
ZY plane of Fig. 16A. The antenna of the present 
embodiment, which basically has the same structure as 
that of the fourth embodiment, is characterized by being 
provided with matching conductors 18 and 19 electri- 
cally connected to the ground conductor 11 like in the 
third embodiment. The matching conductors 18 and 19 
are arranged to be symmetric with respect to the 
antenna element 13 arranged on the + Z axis on the ZY 
plane. One end of each of the matching conductors 18 
and 19 is electrically connected to the ground conductor 
11. 

[0102] In the fifth embodiment, the provision of the 
matching conductors 18 and 19 apart from each other 
close to the antenna element 13 can change the imped- 
ance of the antenna, thereby having excellent matching 
conditions with the coaxial power supply part 12. The 
excellent matching conditions can improve the charac- 
teristics of the antenna. Similar to the third embodiment, 
the matching conditions of the impedance can be 
improved while hardly changing desired radiation direc- 
tivity. 

[0103] As described hereinbefore, the fifth embodi- 
ment achieves a compact monopole antenna having 
excellent impedance matching conditions and desired 
directivity with a simple structure. 

(Embodiment 6) 

[01 04] A sixth embodiment of the present invention 
will be described as follows with reference to Figs. 17A 
and 17B. Figure 17A is a rough perspective view of the 
monopole antenna of the sixth embodiment, and Fig. 
1 7B is a sectional view taken along the ZY plane of Fig. 
17 A. 

[0105] The antenna of the present embodiment, 
which basically has the same structure as that of the 
fourth embodiment, is characterized by being provided 
with a plane-shaped dielectric member 31 ' covering not 
the entire space inside the antenna but a part of it. The 
surface of the dielectric member 31 ' is provided with the 
film ceiling conductor 15 made of a conductive film and 
the openings 16' and 17* formed by removing the con- 
ductive film. The dielectric member 3V is arranged at 
the end of the ceiling-side opening of the internal space 
surrounded by the side conductor 14. The internal 
space is sealed by the dielectric member 3V which 
functions as a lid. 


[01 06] Thus, the effects to block dust and moisture 
in the fourth embodiment structure can be fully exerted 
also by sealing the end of the ceiling-side opening of the 
internal space by means of the dielectric member 31 
5 The dielectric member 31 which is arranged at the ceil- 
ing side of the antenna in the present embodiment, can 
be provided at the bottom side. In that case, the ground 
conductor 1 1 is formed on the dielectric member 31 \ 

io (Embodiment 7) 

[01 07] A seventh embodiment of the present inven- 
tion will be described as follows with reference to Figs. 
18A and 18B. Figure 18A is a rough perspective view of 

15 the monopole antenna of the seventh embodiment, and 
Fig. 18B is a sectional view taken along the ZY plane of 
Fig. 18A. The antenna of the present embodiment has 
the structure of the sixth embodiment and also has the 
matching conductors 1 8 and 1 9 of the fifth embodiment, 

20 in order to match the impedances in the same manner 
as in the fifth embodiment. 

[0108] In the monopole antenna of the present 
embodiment, the matching conductors 18 and 19 are 
arranged away from the antenna element 13; however. 

25 the present invention is not restricted to this structure. 
For example, it is possible to electrically connect one 
end of either or both of the matching conductors 1 8 and 
19 to one end or the central portion of the antenna ele- 
ment 13 as shown in Figs. 19A and 19B. This structure 

30 enhances the impedance of the antenna, making it pos- 
sible to obtain good matching conditions with the coax- 
ial power supply part 12 when the impedance of the 
antenna is low. 

[0109] In the monopole antenna of the present 
35 embodiment, the matching conductors 18 and 19 are 
arranged away from the antenna element 13; however, 
the present invention is not restricted to this structure. 
For example, it is possible to electrically connect one 
end of either or both of the matching conductors 18 and 
40 19 to the ceiling conductor 15 as shown in Figs. 20A 
and 20 B. This structure can change the impedance of 
the antenna, thereby obtaining good matching condi- 
tions with the coaxial power supply part 12.. 

45 (Embodiment 8) 

[0110] An eighth embodiment of the present inven- 
tion will be described as follows with reference to Figs. 
21 through 26. 

so [01 1 1] Figure 21 shows the system structure of the 
radio device in the eighth embodiment of the present 
invention. Figure 21 illustrates a radio device 35, a sig- 
nal transmission cable 33, and a control unit 34. The 
radio device 35 and the control unit 34 exchange signals 

55 via the signal transmission cable 33. The control unit 34 
performs signal processing, and the radio device 35 
radiates and receives radio waves. Although the control 
unit 34 is connected to only one radio device 35 in Fig. 
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21 , it is general)/ connected to plural radio devices. 
[01 1 2] Figures 22 and 23 show the structure of the 
radio device in the eighth embodiment. These figures 
illustrate a signal transmission cable 33, antennas 41 
and 42, filters 43 and 44 as an example of frequency 
selection means, amplification circuits 45 and 46, a cab- 
inet 47, and a concave portion 48. The filters 43 and 44 
and the amplification circuits 45 and 46 are arranged 
inside the cabinet 47. The concave portion 48 is formed 
on the surface of the cabinet 47, and the antenna 41 
and 42 are imbedded in the concave portion 48 as 
shewn in Fig. 23. The antennas 41 and 42 are those 
described in the first through seventh embodiments. 
The signal transmission cable 33 is made of an electric 
signal transmission cable such as a coaxial cable. 
[01 1 3] The behavior of the system will be described 
as follows. 

[0114] In Fig. 21, the circuit system for supplying 
signals from the control unit 34 to the radio device and 
transmitting radio waves from the antenna 41 of the 
radio device is referred to as a down system. The circuit 
system for receiving radio waves from the antenna 42 of 
the radio device and sending signals to the control unit 
34 is referred to as an up system. Figure 22 shows a 
structural example of the radio device. In the down sys- 
tem, the power supply unit of the antenna 41 is con- 
nected to the filter 43 which is connected to the 
amplification circuit 45. In the up system, the power sup- 
ply unit of the antenna 42 is connected to the filter 44, 
which is connected to the amplification circuit 46. 
[0115] As for the flow of signals, in the down sys- 
tem, the signals processed in the control unit 34 are 
sent to the amplification circuit 45 in the radio device via 
the electric signal transmission cable 33 and amplified 
by the amplification circuit 45. After this, the signals cor- 
responding to the usable frequency band are exclu- 
sively sent from the filter 43 to the antenna 41 due to its 
passage band limitations and radiated out as radio 
waves from the antenna 41 into space. 
[01 1 6] In the up system, on the other hand, the sig- 
nals received from the antenna 42 are sent to the filter 
44. The signals corresponding to the usable frequency 
band are exclusively sent to the amplification circuit 46 
due to the passage band limitations of the filter 44, and 
amplified by the amplification circuit 46. After this, they 
are sent to the control unit 34 via the electric signal 
transmission cable 33. 

[0117] In the monopole antennas described in the 
first through seventh embodiments, the openings 16 
and 17 for radiating waves are arranged on the antenna 
ceiling portion, and the antenna element 13 as a radia- 
tion source is surrounded by the ground conductor 1 1 
and the side conductor 14, so that the radiation waves 
are not strongly affected by the antenna arrangement 
environment in the antenna side and bottom directions. 
When the radio device 35 is installed in a room where it 
is difficult to imbed the cabinet 47, the antennas (the 
monopole antennas of the first through seventh embod- 


iments) are imbedded in the concave portion 48. This 
eliminates the projection from the cabinet 47, making 
the antenna inconspicuous. As a result, the environ- 
mental appearance is less spoiled by the radio device. 

5 [0118] Although the radio device of the eighth 
embodiment comprises the two antennas 41 and 42 of 
the up and down systems and two filters 43 and 44, the 
present invention is not restricted to this structure. For 
example, it is also possible to employ the antenna 41 ' 

w which operates in both an up system usable frequency 
band and a down system usable frequency band, and a 
shared device 49 as shown in Fig. 24. The use of one 
antenna 4 V and one filter (shared device 49) reduces 
the radio device in size. 

75 [0119] The eighth embodiment employs an electric 
signal transmission cable as the signal transmission 
cable 33; however, the present invention is not restricted 
to this structure. For example, Fig. 25 shows the signal 
transmission cable made of an optical signal transmis- 

20 sion cable 33' such as an optical fiber. Besides the 
shared device 48 used in Fig. 25, a pair of filters 43 and 
44 shown in Fig. 22 can be used, which requires to con- 
vert electric signals into optical signals for transmission. 
Consequently, as shown in Fig. 25 it is required to pro- 

25 vide a photo diode 51 for converting optical signals into 
electric signals between the optical signal transmission 
cable 33* and the amplification circuit 45 in the down 
system, and a laser 52 for converting electric signals 
into optical signals between the amplification circuit 47 

30 and the optical signal transmission cable 33 f in the up 
system. In the control unit 34, a photo diode (not shown) 
is required for the connection with the optical signal 
transmission cable 33* in the up system and a laser (not 
shown) is required for the connection with the optical 

35 signal transmission cable 33' in the down system. Such 
a structure reduces the cost to install the optical signal 
transmission cable 33* or attenuation of signals due to 
the transmission length of the cable 33', thereby realiz- 
ing a long distance signal transmission. Furthermore, 

40 the use of optical signals having different wavelengths 
for the up and down systems to perform wavelength 
multiplexing makes it possible to compose the optical 
signal transmission cable 50 with a single optical fiber. 
This structure requires to provide an optical coupler 60 

45 between the optical signal transmission cable 33' and 
the laser 52 and between the cable 33' and the photo 
diode 51 . 

[0120] As shown in Fig. 26 the optical coupler 60 
comprises three terminals 61, 62, and 63, which are 

so connected to the optical signal transmission cable 33', 
the photo diode 51, and the laser 52, respectively. The 
provision of the optical coupler 60 makes optical signals 
of the up and down systems be transmitted as follows. 
Down system transmission signals received by the 

55 antennas 41 and 41' are converted into optical signals 
by the laser 52, and sent to the optical signal transmis- 
sion cable 33' via the optical coupler 60. Up system 
transmission signals, on the other hand, are sent via the 
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optical coupler 60 from the cable 33' to the photo diode 
51 where they are converted into electric signals so as 
to be sent to the antennas 42 and 41'. This structure 
requires only one optical signal transmission cable, 
thereby reducing the cost of the cable itself required for 5 
transmission and also the cost to install it. 
[0121] Each of the above-mentioned embodiments 
can be modified variously as follows. 

(1) Although the monopole antennas of the first 10 
through seventh embodiments are symmetric with 
respect to the ZY plane and the ZX plane, the 
present invention is not restricted to this structure. 
In order to achieve desired radiation directivity or 
input impedance characteristics, an antenna can be 15 
designed to be symmetric with respect to the ZY 
plane only, or asymmetric with respect to the ZY 
plane and ZX plane. In addition, only the openings 
16 and 1 7 can be symmetric with respect to the ZY 
plane only or to both the ZY and ZX planes. Only 20 
the ground conductor 1 1 can be symmetric with 
respect to the ZY plane only or to both the ZY and 
ZX planes. Only the ceiling conductor 15 can be 
symmetric with respect to the ZY plane only or to 
both the ZY and ZX planes. Only the side conductor 25 
14 can be symmetric with respect to the ZY plane 
only, or to both the ZY and ZX planes. Alternatively, 
a combination of these can be possible to achieve 
an antenna having radiation directivity best suitable 
for the radiation target space. so 

(2) In the monopole antennas of the first through 
seventh embodiments, the ground conductor 11, 
the side conductor 14, and the ceiling conductor 15 
are electrically connected to each other; however 

the present invention is not restricted to this struc- 35 
ture. For example, in order to achieve desired radi- 
ation directivity or input impedance characteristics, 
the ceiling conductor 15 and the side conductor 14 
can be electrically separated; the ground conductor 
11 and the side conductor 14 can be electrically 40 
separated; or all of these conductors 11,14, and 1 5 
can be electrically separated. 

(3) Although the monopole antennas of the first 
through seventh embodiments have two openings 

16 and 17, the present invention is not restricted to 45 
this structure. For example, in order to achieve 
desired radiation directivity or input impedance 
characteristics, one or more than two openings can 
be provided. 

(4) In the monopole antennas of the first through so 
seventh embodiments, the openings 16 and 17 are 
rectangles; however, the present invention is not 
restricted to this structure. For example, in order to 
achieve desired radiation directivity or input imped- 
ance characteristics, the openings 16 and 17 can ss 
be circles, squares, polygons, semicircles, a combi- 
nation of these shapes, rings, or other shapes. 
When the openings 16 and 17 are circular, oval, or 


any shapes with a curve, the corner formed in the 
conductive portion constituting the antenna 
becomes round in the radiation directivity. As a 
result, the corner has less diffraction effects,. which 
desirably reduces the cross-polarized conversion 
loss of the radiation waves. 

(5) In the monopole antennas of the first through 
seventh embodiments, two openings 1 6 and 1 7 are 
arranged on the antenna ceiling portion; however, 
the present invention is not restricted to this struc- 
ture. For example, in order to achieve desired radi- 
ation directivity or input impedance characteristics, 
the openings 16 and 17 can be arranged on the 
side conductor 14 or on the ground conductor 11. 
Or these structures can be combined. 

(6) In the monopole antennas of the first through 
seventh embodiments, the ground conductor 1 1 is 
a square; however, the present invention is not 
restricted to this structure. For example, in order to 
achieve desired radiation directivity or input imped- 
ance characteristics, the ground conductor 1 1 can 
be any other polygon, a semicircle, or a combina- 
tion thereof, or other shapes. 

The ground conductor 1 1 can be circular, oval, 
or any shape with a curve. In these cases, the cor- 
ner of the conductive portion constituting the 
antenna becomes round in the radiation directivity, 
and as, a result, the corner has less diffraction 
effects, which desirably reduces the cross-polar- 
ized conversion loss of the radiation waves. 

(7) In the monopole antennas of the first through 
seventh embodiments, the ceiling conductor 15 is a 
square; however, the present invention is not 
restricted to this structure. For example, in order to 
achieve desired radiation directivity or input imped- 
ance characteristics, the ceiling conductor 1 5 can 
be any other polygon, a semicircle, or a combina- 
tion thereof, or other shapes, further can be circular, 
oval, or any shape with a curve. In these cases, the 
corner of the conductive portion constituting the 
antenna becomes round in the radiation directivity, 
and as a result, the corner has less diffraction 
effects, which desirably reduces the cross-polar- 
ized conversion loss of the radiation waves. Fur- 
thermore, when the entire structure of the 
monopole antenna is shaped like as disk, the fol- 
lowing advantage can be obtained. Since the 
installment environment of the monopole antenna 
varies widely, there are cases that the designed 
radiation directivity cannot be actually exerted. In 
that case, the direction to install the antenna is 
adjusted in the horizontal direction. In contrast, 
desired radiation directivity is generally so designed 
as to be exerted under the conditions that the four 
sides of the monopole antenna are equal to the fun- 
damental direction (the plane direction of a side 
wall in a room) regulated in the installment environ- 
ment. For this reason, a minor adjustment of the 
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installment direction may put the four side direc- 
tions of the antenna out of the fundamental direc- 
tion, causing the antenna to be installed in an 
undesired manner from the view point of appear- 
ance. On the other hand, when the monopole 5 
antenna is designed to be circular, there is no fixed 
direction in the side of the monopole antenna, so 
that the side direction of the antenna never be out of 
the fundamental direction by a minor adjustment of 
the installment direction. 10 

(8) In the monopole antennas of the first through 
seventh embodiments, the side conductor 1 4 is per- 
pendicular to the ground conductor 1 1 ; however, 
the present invention is not restricted to this struc- 
ture. For example, in order to achieve desired radi- is 
ation directivity or input impedance characteristics, 

the side conductor 14 can be orthogonal to the 
ground conductor 1 1 . 

(9) In the monopole antennas of the first through 
seventh embodiments, the side conductor 1 4 is pro- 20 
vided on the frame formed along the outline of the 
ground conductor 1 1 ; in other words, the frame 
formed by the side conductor 14 is approximately 
equal to the ground conductor 1 1 in size. However, 

the present invention is not restricted to this struc- 25 
ture. For example, in order to achieve desired radi- 
ation directivity or input impedance characteristics, 
the frame formed by the side conductor 14 can be 
larger or smaller than the ground conductor 1 1 . Or 
the frame can be larger or smaller than the ceiling 30 
conductor 15. 

(10) In the monopole antennas of the first through 
seventh embodiments, the openings 16 and 17 
have a fixed size; however, the present invention is 

not restricted to this structure. For example, as 35 
shown in Fig. 27, the openings 16 and 17 can be 
provided with an opening adjustment device 20 
which can change the size of the openings 16 and 
17. The opening adjustment device 20 can be real- 
ized by providing a sliding conductive plate 20a for 40 
changing the size of the openings 16 and 17 along 
them. Changing the size of the openings 16 and 1 7 
as desired by means of the opening adjustment 
device 20 makes it possible to obtain desired radia- 
tion directivity. 45 

(11) In the monopole antennas of the first through 
seventh embodiments, the antenna element 13 is 
made of a linear conductor; however, it can be a dif- 
ferent antenna element. For example, it can be a 
helical type monopole antenna element made of a so 
coiled conductive wire, or a reverse L type or a 
reverse F type monopole antenna by folding the 
conductive wire in the form of letter L or R It also 
can be a top loading type monopole antenna ele- 
ment having a capacitive load such as a conductive 55 
plate at the tip of a conductive wire. Alternatively, 
these can be combined to form a different antenna 
element. These structures make the antenna ele- 


ment small and low-profile, and the antenna as a 
whole becomes small anr -iw-profile. 
(12) The monopole ante nnas of the first through 
seventh embodiments each comprise the ground 
conductor 11, the ceiling conductor 15, the side 
conductor 14, the antenna element 13, the coaxial 
power supply part 12, and the openings 16 and 17; 
however, the present invention is not restricted to 
this structure. For example, in order to achieve 
desired radiation directivity or input impedance 
characteristics, the antenna ceiling portion can be 
entirely open without the ceiling conductor 15. 
According to this structure, when the antenna is 
symmetric with respect to the ZY plane and the ZX 
plane, the directivity of the vertical plane can be 
changed to obtain approximately nondirectional 
characteristics on the horizontal plane of the 
antenna. Alternatively, it is possible to provide the 
openings 16 and 17 on the ground conductor 11 
and the side conductor 14. In this case, in order to 
achieve desired radiation directivity or input imped- 
ance characteristics, the antenna can be symmetric 
with respect to the ZY plane and the ZX plane, only 
to the ZX plane, or asymmetric with respect to 
these planes. Only the openings 16 and 17 can be 
symmetric with respect to the ZY plane, or to both 
the ZY and ZX planes. Only the ground conductor 
1 1 can be symmetric with respect to the ZY plane, 
or to both the ZY and ZX planes. Only the side con- 
ductor 14 can be symmetric with respect to the ZY 
plane, or to both the ZY and ZX planes. Also a com- 
bination of these features can be possible. All these 
structures can achieve an antenna having radio 
directivity best suitable for radiation target space. 

(13) The monopole antennas of the first through 
seventh embodiments can be arranged in an array 
so as to constitute a phased array antenna and an 
adaptive antenna array. Consequently, the control 
of the directivity of radio waves is facilitated. 

(14) The third embodiment shows the structure 
where the antenna element 13 is electrically sepa- 
rated from the ceiling conductor 15; however, the 
present invention shown in the third embodiment is 
not restricted to this structure. For example, as 
shown in Figs. 28A and 28B, one end of the 
antenna element 13 can be electrically connected 
to the ceiling conductor 15. In this case, the 
antenna element 13 is not necessarily a linear con- 
ductor but can be a helical type monopole antenna 
element made of a coiled conductive wire or the 
like. This makes the antenna element 13 small and 
low-profile, thereby making the antenna as a whole 
small and low-profile. 

(15) The monopole antenna in the third embodi- 
ment has two matching conductors 18 and 19; how- 
ever, the present invention is not restricted to this 
structure. For example, one or more than two open- 
ings can be provided. This structure increases the 
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flexibility of the antenna structure, thereby further 
enhancing the matching conditions with the coaxial 
power supply part 12. 

(16) The monopole antenna in the third embodi- 
ment has two matching conductors 18 and 19 s 
arranged away from the antenna element 1 3 in the 
ZY plane; however, the present invention is not 
restricted to this structure. For example, the match- 
ing conductors 18 and 19 can be arranged at any 
position parallel to the Z axis. This structure 10 
increases the flexibility of the antenna structure, 
thereby further enhancing the matching conditions 
with the coaxial power supply part 12. 

(17) The monopole antenna in the third embodi- 
ment has the matching conductors 1 8 and 1 9 made is 
of a linear conductor; however, they can be made of 

a conductor having other shapes. For example, 
they can be helical type matching conductors made 
of a coiled conductive wire, or can be made of a 
conductive wire folded in the form of letter L. This 20 
makes the matching conductors small and low-pro- 
file, thereby making the antenna as a whole small 
and low-profile. 

(18) The monopole antenna in the third embodi- 
ment has the matching conductors 18 and 19 25 
arranged away from the antenna element 13; how- 
ever, the present invention is not restricted to this 
structure. For example, as shown in Figs. 29A and 
29B, one end of either or both of the matching con- 
ductors 18 and 19 can be electrically connected to 30 
one end or in the middle of the antenna element 1 3. 
This structure enhances the impedance of the 
monopole antenna, thereby improving the matching 
conditions between the monopole antenna and the 
coaxial power supply part 12 when the impedance 35 
is low. 

(19) The monopole antenna in the third embodi- 
ment has the matching conductors 18 and 19 
arranged away from the ceiling conductor 15; how- 
ever, the present invention is not restricted to this 40 
structure. For example, as shown in Figs. 29A and 
29B, one end of either or both of the matching con- 
ductors 18 and 19 can be electrically connected to 
the ceiling conductor 15. This structure can change 

the impedance of the monopole antenna, thereby 45 
improving the matching conditions between the 
monopole antenna and the coaxial power supply 
part 12. 

(20) In the first through seventh embodiments, both 
ends of the ceiling conductor 15 are electrically so 
connected to the side conductor 1 4. which undesir- 
ably produces a minimum point in the radiation 
directivity of the horizontal plane along the line 
extending between both ends of the ceiling conduc- 
tor 15. This results from the fact that the current ss 
leakage caused from the connection point of the 
ceiling conductor 15 and the side conductor 14 
makes it almost impossible to transmit radio waves 


in that direction. When such a point needs to be 
eliminated, the antenna should be designed to have 
a circular portion 1 5a on the ceiling conductor 15 as 
shown in Fig. 30. The circular portion 15a*is pro- 
vided in the center of the line extending between 
both ends of the ceiling conductor 15. Since the cir- 
cular portion 15a receives radio waves from the 
entire circumference, it can radiate waves under 
almost nondirectional conditions along the horizon- 
tal plane. Therefore, the ceiling conductor 15 as a 
whole radiates a mixture of radio waves having the 
minimum point and radio waves nondirectional to 
the horizontal plane. This allows radio waves to be 
radiated on the minimum point, thereby forming 
oval radiation directivity along the horizontal plane, 
as shown in Fig. 31. The amount of wave radiation 
at the minimum point can be adjusted by changing 
the size of the circular portion 15a. 
(21) When the monopole antennas of the first 
through seventh embodiments perform radio wave 
transmission, plural (for example, two) monopole 
antennas are arranged in parallel. In this case, the 
isolation between adjacent antennas must be 
secured. It is usually done by providing isolation 
elements such as filters, but can be facilitated as 
follows. In the monopole antennas, in those of the 
present invention in particular, the directivity of the 
horizontal plane has the minimum point which is 
formed in the direction of the connection point of the 
ceiling conductor 15 and the side conductor 14. 
Adjacent monopole antennas are aligned so as to 
make the direction to form the minimum points on 
the same line. This arrangement minimizes the 
influences of the radio waves transmitted between 
the monopole antennas, thereby facilitating to 
secure isolation. For example, in the monopole 
antenna shown in Fig. 7, both ends of the ceiling 
conductor 15 in the longitudinal direction are elec- 
trically connected to the side conductor 14, so that 
the longitudinal direction of the ceiling conductor 15 
becomes the direction to form the minimum point of 
radio waves. As shown in Fig. 32, adjacent monop- 
ole antennas are arranged so as to make the longi- 
tudinal direction of each of the ceiling conductors 
15 on the same line. This arrangement minimizes 
the influences of the radio waves transmitted 
between the monopole antennas, thereby facilitat- 
ing to secure isolation. 

Isolation was measured when the monopole 
antennas are arranged as above (hereinafter 
referred to as influence exclusion arrangement). 
Similarly, isolation was measured when adjacent 
monopole antennas are arranged in the direction 
perpendicular to the longitudinal direction of the 
ceiling conductors 15 (hereinafter referred to as 
influence non-exclusion arrangement). These 
measurement results are shown in Fig. 33 where 
the line with black squares indicates the measure- 
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ment results of the influence exclusion arrange- 
ment and the line with black circles indicates the 
measurement results of the influence non-exclu- 
sion arrangement. The horizontal axis indicates the 
intervals (mm) between adjacent monopole anten- 5 
nas and the vertical axis indicates the measure- 
ment results of isolation (dB). 2. 

The graph of Fig. 33 reveals that the influence 
exclusion arrangement is superior in isolation. 
Since isolation can be secured easier in the influ- 10 
ence exclusion arrangement, sufficient isolation 
can be obtained when low-performing isolation ele- 3. 
ments (filters) are employed. As a result, the pro- 
duction cost can be reduced. 

When plural monopole antennas are used, is 
they are arranged on a metallic base plate in order 4. 
to reinforce the structure; however, in that case, the 
ground conductors 11 are short-circuited by the 
metallic base plate, deteriorating the isolation even 
with the influence exclusion arrangement. For this 20 5. 
reason, it is better not to use a metallic base. 
(21) In the first through seventh embodiments, the 
monopole antennas are symmetric with respect to 
the ZX plane and the ZY plane, and the coaxial 6. 
power supply part 12 is arranged in the origin point 25 
so as to make the radiation directivity along the hor- 
izontal plane nondirectional. However, the present 
invention is not restricted to this structure; the coax- 
ial power supply part 1 2 can be arranged out of the 7. 
origin point in the direction of the horizontal plane, 30 
so as to adjust the directivity of radio waves along 
the horizontal plane. For example, as shown in Fig. 
34, if the coaxial power supply part 12 is slightly 8. 
shifted in the + direction along the X axis, the direc- 
tivity along the horizontal plane becomes as shown 35 
in Figs. 35A and 35B. Thus the directivity along the 
ZX plane is not symmetric with respect to the ZY 
plane, and becomes symmetric with respect to the 
slightly diagonal direction which connects the upper 
left and lower light quadrants. 40 

9 

[0122] Although the aforementioned description 
shows the effects of the present invention in sending 
radio waves, it goes without saying that the same effects 
can be secured in receiving radio waves. 45 
[0123] Although the present invention has been 
described by way of preferred embodiments, it is to be 1 
noted that the combination and arrangement of their 
components can be changed variously within the scope 
of the present invention, which will be claimed below. so 

11. 

Claims 

1 . A monopole antenna comprising: 

55 

a ground conductor; 1 2. 

a power supply part arranged on a surface of 
said ground conductor; 


an antenna element connected to said power 
supply part; and 

a side conductor surrounding a space including 
said antenna element apart from said antenna 
element. 

The monopole antenna according to claim 1 further 
comprising a ceiling conductor facing said ground 
conductor with said antenna element therebe- 
tween. 

The monopole antenna according to claim 2. 
wherein an edge portion of said ceiling conductor is 
electrically connected to said side conductor. 

The monopole antenna according to claim 3, 
wherein said ceiling conductor has a circular central 
portion. 

The monopole antenna according to claim 3, 
wherein said side conductor is electrically con- 
nected to said ground conductor. 

The monopole antenna according to claim 2, 
wherein at least one of said ground conductor, said 
side conductor, and said ceiling conductor has an 
opening. 

The monopole antenna according to claim 6 further 
comprising means for adjusting the size of said 
opening. 

The monopole antenna according to claim 6, 
wherein said power supply part is arranged on an 
origin point, said ground conductor is arranged on 
an XY plane, said ground conductor and said side 
conductor are designed to be symmetric with 
respect to a ZY plane, and said opening is arranged 
to be symmetric with respect to the ZY plane. 

The monopole antenna according to claim 8, 
wherein said ground conductor and said side con- 
ductor are designed to be symmetric with respect to 
a ZX plane, and said opening is arranged to be 
symmetric with respect to the ZX plane. 

The monopole antenna according to claim 2, 
wherein said antenna element is electrically con- 
nected to said ceiling conductor. 

The monopole antenna according to claim 1, 
wherein a dielectric member having permittivity 
higher than air is provided in a space surrounded by 
said ground conductor and said side conductor. 

The monopole antenna according to claim 11, 
wherein said space is filled with said dielectric 
member. 
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13. The monopole antenna according to claim 11, 
wherein said dielectric member is structured as a 
lid for the space surrounded by said side conductor, 
and one of said ground conductor and said ceiling 
conductor is provided on said dielectric member. 5 

14. The monopole antenna according to claim 11, 
wherein said side conductor is made of a via hole 
formed in said dielectric member. 

10 

15. The monopole antenna according to claim 1 further 
comprising at least one matching element arranged 
apart from said antenna element, said matching 
element being electrically connected to said ground 
conductor. 75 

16. The monopole antenna according to claim 15, 
wherein at least one said matching element is elec- 
trically connected to said antenna element. 

20 

17. The monopole antenna according to claim 15, 
wherein at least one said matching element is elec- 
trically connected to said ceiling conductor. 

18. A radio device comprising: 25 

a monopole antenna; 

amplification means for amplifying transmis- 
sion signals supplied to said monopole 
antenna and reception signals supplied from 30 
said monopole antenna; 
frequency selection means for selecting fre- 
quencies of the transmission signals and 
reception signals; and 

a cabinet for storing said monopole antenna, 35 
said amplification means, and said frequency 
selection means, wherein 
said monopole antenna comprises: 
a ground conductor, a power supply part 
arranged on a surface of said ground conduc- 40 
tor; an antenna element connected to said 
power supply part; a side conductor surround- 
ing a space including said antenna element, 
apart from said antenna element; a ceiling con- 
ductor facing said ground conductor with said 45 
antenna element therebetween; a dielectric 
member having permittivity higher than air pro- 
vided in a space surrounded by said ground 
conductor and said side conductor; and an 
opening provided in at least one of said ground so 
conductor, said side conductor, and said ceiling 
conductor, and 

said cabinet is provided with a concave portion 
on a surface thereof for storing said monopole 
antenna inside. 55 

19. An arrangement structure of a monopole antenna 
comprising: 


a plurality of monopole antennas each com- 
prising a ground conductor, a power supply 
part arranged on a surface of said ground con- 
ductor; an antenna element connected.to said 
power supply part; a side conductor surround- 
ing a space including said antenna element, 
apart from said antenna element; and a ceiling 
conductor facing said ground conductor with 
said antenna element therebetween, wherein 
said monopole antennas are arranged in a 
manner to conform the direction for minimizing 
the directivity of the horizontal plane of each of 
said monopole antennas. 
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